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(57) ABSTRACT

A magnetic resonance 1maging apparatus according to an
embodiment includes processing circuitry. The processing
circuitry performs at least one of data collection for collect-
ing first data of an 1maging region of a subject at a plurality
of time intervals after a tag pulse 1s applied to fluid tlowing
into the imaging region, and data collection for collecting
second data of the imaging region by differing at least one
of applying or not-applying the tag pulse and a position of
the applying. The processing circuitry performs phase cor-
rection for at least one of the first data and the second data
by using data in which the longitudinal magnetization of the
fluid 1s a positive value, to generate an 1image for each time
phase.
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FIG.2
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FIG.5




US 10,768,258 B2

Sheet 6 of 14

Sep. 8, 2020

U.S. Patent

FIG.6

Trﬁ;ma'ﬁ

- STATIONARY TISSUE

T

by v dn g ag s T k. g Tl R R

TAGGED BLOOD



(3SYHd 319NIS) (MLP¥8=""g | NOILOIYHOD ISYH HO4

US 10,768,258 B2

.I.lvilll’.l_.
_..__ﬂ. .d-f.
¢ ' et
_._u.. W.”W m”.w w“ 7 4 ¥R NAEAE DA A.N—lwlthM mﬁuw!—ﬂgum MH
O LS YHIN-ISY
Y “ ¢
% r
L.f..._ﬂ-_._.__._..,___.__,.-._d__,____..

- eaeees %uw_mﬁwmx M m_ﬁ._ Hmm.mn

S 15 8
I~

2

i

7).

= - | Lot L=l

5

= SIOVII
7 TYNIDINO

L Ol

U.S. Patent



U.S. Patent Sep. 8, 2020 Sheet 8 of 14 US 10,768,258 B2

FIG.8
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FIG.11
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FIG.13
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MAGNETIC RESONANCE IMAGING
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2016-040496,
filed on Mar. 2, 2016; the entire contents of which are
incorporated herein by reference.

FIELD

Embodiments described herein relate to magnetic reso-
nance imaging apparatus.

BACKGROUND

Conventionally, a method for after applying a tag pulse
for labeling fluid flowing into an 1imaging region of a subject,
collecting data of the imaging region to form an 1mage of the
fluid flowing through the subject, 1s known as an 1maging
method by a magnetic resonance 1imaging apparatus. Fur-
thermore, 1in the method, there 1s a case in which both of an
image referred to as a tag image and an 1image referred to as
a control 1mage are collected by differing applying or
not-applying the tag pulse and a position of applying, and
difference between both of the collected 1mages 1s used, to
acquire an 1mage of fluid 1n which a signal of back ground
tissue 1s inhibited. In this case, the control image 1s, for
example, simply an 1image collected without being applied
with the tag pulse that has been applied to the tag image, or
an 1mage collected by being applied with a similar pulse to
the tag pulse 1n a different posmon rom the position where
the tag pulse 1s applied 1n the tag image. The similar pulse
to the tag pulse, applied to acquire the control image 1s
sometimes referred to as a control pulse to differentiate from
the tag pulse The above-described denominations such as
the tag image and the control 1mage are merely examples.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a schematic of an exemplary configuration of an
MRI apparatus according to a first embodiment;

FIGS. 2 to 4 are schematics of an example of a STE-
P_ASTAR_N-N method according to the first embodiment;

FIGS. 5 to 7 are schematics of an example of a STE-
P_ASTAR_N-1 method according to the first embodiment;

FIGS. 8 to 10 are schematics of an example of a
STEP_FAIR_N-N method according to the first embodi-
ment;

FIGS. 11 and 12 are schematics of an example of a
weighted filter used 1n a second generation function accord-
ing to the first embodiment;

FIG. 13 1s a flow chart of processing of a STEP method
according to the first embodiment;

FI1G. 14 15 a schematic of an example o1 T1 relaxation and
correction according to a second embodiment; and

FIG. 15 1s a schematic of an exemplary relation between
k-space data and time direction data 1n a STEP method
according to the second embodiment.

DETAILED DESCRIPTION

A magnetic resonance 1maging (MRI) apparatus accord-
ing to an embodiment includes processing circuitry. The
processing circuitry performs at least one of data collection
for collecting first data of an 1imaging region of a subject at
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2

a plurality of time intervals after a tag pulse 1s applied to
fluid flowing into the 1maging region, and data collection for
collecting second data of the imaging region by differing at
least one of applying or not-applying the tag pulse and a
position of applying. The processing circuitry periorms
phase correction for at least one of the first data and the
second data by using data in which the longitudinal mag-
netization of the fluid 1s a positive value, to generate an
image for each time phase.

First Embodiment

FIG. 1 1s a schematic of an exemplary configuration of an
MRI apparatus according to a first embodiment. For
example, an MRI apparatus 100 includes a static magnetic
field magnet 1, a gradient coil 2, a gradient power source 3,
a transmission coil 4, transmission circuitry 5, a reception
coil 6, reception circuitry 7, a couch 8, input circuitry 9, a
display 10, storage circuitry 11, and processing circuitries 12
to 15, as illustrated 1n FIG. 1.

The static magnetic field magnet 1 1s formed to be a
hollow and a substantially cylindrical shape (including a
shape of which a cross section orthogonal to a center axis of
a cylinder 1s an elliptic shape), and generates a uniform static
magnetic field 1n an 1maging space formed 1n an inner
peripheral side. The static magnetic field magnet 1 1s
achieved by, for example, a permanent magnet and a super-
conductive magnet.

The gradient coil 2 1s formed to be a hollow and substan-
tially cylindrical shape (including a shape of which a cross
section orthogonal to a center axis of a cylinder 1s an elliptic
shape), and 1s arranged in the inner peripheral side of the
static magnetic field magnet 1. The gradient coil 2 has three
coils which generate gradient magnetic fields each along an
X-axis, a y-axis, and a z-axis orthogonal to each other. The
x-axis, the y-axis, and the z-axis constitute an apparatus
coordinate system inherent to the MRI apparatus 100.

For example, the direction of the x-axis 1s set to be a
vertical direction, and the direction of the y-axis is set to be
a horizontal direction. The direction of the z-axis 1s set to be
the same direction as a direction of a magnetic flux of the
static magnetic field generated by the static magnetic field
magnet 1.

The gradient power source 3 supplies currents idividu-
ally to each of the three coils of the gradient coil 2 to
generate gradient magnetic fields each along the x-axis, the
y-axis, and the z-axis in the imaging field. Generating the
gradient magnetic ficlds each along the x-axis, the y-axis,
and the z-axis appropriately allows generating of gradient
magnetic fields each along a lead-out direction, a phase-
encoding direction, and a slice direction orthogonal to each
other. The axes each along the lead-out direction, the phase-
encoding direction, and the slice direction constitute a logic
coordinate system for defining a slice region or a volume
region that 1s a subject of imaging. Hereinafter, the gradient
magnetic field along the lead-out direction 1s referred to as
a lead-out gradient magnetic field, the gradient magnetic
field along the phase-encoding direction 1s referred to as a
phase-encoding gradient magnetic field, and the gradient
magnetic field along the slice direction 1s referred to as a
slice gradient magnetic field.

Each of the gradient magnetic field 1s superimposed to the
static magnetic field generated by the static magnetic field
magnet 1 and 1s used for imparting spatial position infor-
mation to a magnetic resonance (MR) signal. Particularly,
the lead-out gradient magnetic field changes a frequency of
the MR signal depending on a position 1 the lead-out
C
C

lirection to 1mpart position information along the lead-out
lirection to the MR signal. The phase-encoding gradient
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magnetic field changes a phase of the MR signal along the
phase-encoding direction to impart position information in
the phase-encoding direction to the MR signal. The slice
gradient magnetic field 1s used for determining a direction,
a thickness, and a sheet number of the slice region when the
imaging region 1s the slice region, and changes a phase of the
MR signal depending on a position 1n the slice direction to
impart position information along the slice direction to the
MR signal when the imaging region 1s the volume region.

The transmission coil 4 1s an RF coil for applying an RF
pulse to the imaging space. Particularly, the transmission
coil 4 1s formed to be a hollow and a substantially cylindrical
shape (including a shape of which a cross section orthogonal
to a center axis of a cylinder 1s an elliptic shape) and 1s
arranged 1n an inner side of the gradient coil 2. The trans-
mission coil 4 applies a radio frequency (RF) pulse output
from the transmission circuitry 3 to the 1maging space.

The transmission circuitry 5 outputs an RF pulse corre-
sponding to the Larmor frequency to the transmission coil 4.
The transmission circuitry 5 has, for example, an oscillation
circuit, a phase-selecting circuit, a frequency-converting
circuit, an amplitude-modulation circuit, and an RF ampli-
fication circuit. The oscillation circuit generates the RE pulse
ol a resonance frequency inherent to a target nucleus posi-
tioned 1n the static magnetic field. The phase-selecting
circuit selects a phase of the RF pulse output from the
oscillation circuit. The frequency-converting circuit con-
verts a frequency of the RF pulse output from the phase-
selecting circuit. The amplitude-modulation circuit modu-
lates an amplitude of the RF pulse output from the
frequency-converting circuit according to a sinc function,
for example. The RF amplification circuit amplifies the RF
pulse output from the amplitude-modulation circuit and
outputs the amplified RF pulse to the transmission coil 4.

The reception coil 6 1s an RF coil for receiving the MR
signal sent from a subject S. Particularly, the reception coil
6 1s mounted to the subject S positioned 1n the imaging space
and receives the MR signal sent from the subject S due to an
influence of an RF magnetic field applied by the transmis-
sion coil 4. The reception coil 6 outputs the recerved MR
signal to the reception circuitry 7. As the reception coil 6, for
example, a dedicated coil 1s used for each portion of an
imaging target. The dedicated coil herein 1s, for example, a
reception coil for head, a reception coil for neck, a reception
coil for shoulder, a reception coil for chest, a reception coil
for abdomen, a reception coil for lower limb, or a reception
coil for a spine.

The reception circuitry 7 generates MR signal data on the
basis of the MR signal output from the reception coil 6 and
outputs the generated MR signal data to the processing
circuitry 13. The reception circuitry 7 has, for example, a
selecting circuit, a front-stage amplification circuit, a phase
detection circuit, and an analogue-digital converting circuit.
The selecting circuit selectively inputs the MR signal output
from the reception coil 6. The front-stage amplification
circuit amplifies the MR signal output from the selecting
circuit. The phase detection circuit detects a phase of the MR
signal output from the front-stage amplification circuit. The
analogue-digital converting circuit converts an analogue
signal output from the phase detection circuit to a digital
signal to generate MR signal data and outputs the generated

MR signal data to the processing circuitry 13.

Herein, an example of a case in which the transmission
coil 4 applies an RF pulse and the reception coil 6 recerves
an MR signal 1s described. However, the form of a trans-
mission coil and a reception coil are not limited to this
example. For example, the transmission coil 4 may further
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4

have a reception function for receiving an MR signal.
Moreover, the reception coil 6 may further have a transmis-
sion function for applying an RF magnetic ficld. When the
transmission coil 4 has a reception function, the reception
circuitry 7 generates MR signal data also from the MR signal
received by the transmission coil 4. When the reception coil
6 has a transmission function, the transmission circuitry 3
outputs an RF pulse also to the reception coil 6.

The couch 8 includes a couchtop 8a on which the subject
S 1s mounted. When 1maging of the subject S 1s performed,
the couch 8 inserts the couchtop 8a to an 1maging space
formed 1n the 1mner side of the static magnetic field magnet
1 and the gradient coil 2. For example, the couch 8 1s
installed so that the longitudinal direction of the couch 8 is
parallel to the center axis of the static magnetic field magnet
1.

The mput circuitry 9 recerves an input operation of
various istructions and various information from an opera-
tor.

Particularly, the mput circuitry 9 1s connected to the

processing circuitry 15, and converts the mput operation
received from the operator to an electrical signal and outputs
the converted signal to the processing circuitry 13.
The input circuitry 9 1s achieved by, for example, a track
ball, a switch button, a mouse, a key board, or a touch panel.
The display 10 displays various information and various
images. Particularly, the display 10 1s connected to the
processing circuitry 15, and converts data of various infor-
mation and various 1mages transmitted from the processing
circuitry 15 to an electrical signal for displaying and outputs
the signal. The display 10 1s achieved by, for example, a
liquid crystal monitor, a cathode ray tube (CRT) monitor, or
a touch panel.

The storage circuitry 11 stores various data.

Particularly, the storage circuitry 11 stores MR signal data
and 1mage data for each subject S. The storage circuitry 11
1s achieved by, for example, a semiconductor memory
device such as a random access memory (RAM) and a flash
memory, a hard disk, or an optical disk.

The processing circuitry 12 controls an operation of the
couch 8. The processing circuitry 12 1s achieved by, for
example, a processor. For example, the processing circuitry
12 has a couch control function 12a. The couch control
function 12a 1s connected to the couch 8, and outputs an
clectrical signal for controlling to the couch 8 to control the
operation of the couch 8. For example, the couch control
function 12a operates a drive mechanism of the couchtop 8a
of the couch 8 so as to receive an instruction from an
operator via the iput circuitry 9 to move the couchtop 8a 1n
a longitudinal direction, vertical direction, or horizontal
direction and move the couchtop 8a according to the
received 1nstruction.

The processing circuitry 13 controls each component of
the MRI apparatus 100 to overall control the MRI apparatus
100. The processing circuitry 13 1s achieved by, for example,
a processor. For example, the processing circuitry 13 has a
setting function 13a. The setting function 13a receives an
input of various 1imaging parameters for a pulse sequence
from the operator via the mput circuitry 9, and generates
sequence execution data on the basis of the received imaging
parameter. The setting function 13a transmits the generated
sequence execution data to the processing circuitry 14 to
execute various pulse sequences.

The sequence execution data 1s mformation that defines
the pulse sequence indicating a procedure for collecting MR
signal data. Particularly, the sequence execution data 1s

information that defines a timing for supplying a current to
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the gradient coil 2 by the gradient power source 3 and
intensity of the supplied current, intensity of a current of an
RF pulse supplied to the transmission coil 4 by the trans-
mission circuitry 5 and a timing of supplying, a detection
timing for detecting an MR signal by the reception circuitry
7, and the like.

The processing circuitry 14 collects data of the subject S
by executing the various pulse sequences. The processing
circuitry 14 1s achieved by, for example, a processor. For
example, the processing circuitry 14 has a collecting func-
tion 14a. The collecting function 14a executes various pulse
sequences on the basis of an 1maging condition set by an
operator. Particularly, the collecting function 14a executes
various pulse sequences by driving the gradient power
source 3, the transmission circuitry 3, and the reception
circuitry 7 on the basis of the sequence execution data output
from the processing circuitry 12.

The collecting function 14a receives MR signal data from
the reception circuitry 7 and stores the recerved MR signal
data to the storage circuitry 11 as a result of execution of the
various pulse sequences. A set of the MR signal data
received by the collecting function 14a 1s stored in the
storage circuitry 11 as data constituting a k-space by being
arranged two-dimensionally or three-dimensionally accord-
ing to position mformation imparted by the above-men-
tioned lead out gradient magnetic field, phase encoding
gradient magnetic field, and slice gradient magnetic field.

The processing circuitry 15 performs various data pro-
cessing such as image reconstruction processing and image
generation processing. The processing circuitry 15 1s
achieved by, for example, a processor. For example, the
processing circuitry 15 has a first generation function 134
and a second generation function 155. The {irst generation
function 15a and the second generation function 155 will be
described in detail later.

The exemplary configuration of the MRI apparatus 100
according to the present embodiment has been described.
With this configuration, the MRI apparatus 100 has, for
example, a function for forming an 1mage of fluid tlowing
through the subject by an 1maging method based on an
arterial spin labeling (ASL) method. Heremafter, an
example of a case 1 which an 1maging target 1s blood, 1s
described. However, fluid to be an imaging target 1s not
limited to blood. For example, even when an imaging target
1s cerebrospinal fluid (CSF), bile, or lymph, the present
embodiment can be similarly performed, even though con-
trolling depending on a speed of a movement of a target 1s
required.

For example, there 1s an imaging method referred to as a
phase sensitive IR (PSIR) method as a vessel wall imaging,
(VWI) for acquiring a blood vessel wall image. By the PSIR
method, an 1mage with a preferable contrast to noise ratio
(CNR) can be acquired by generating a black blood (BB)
image 1n which the mside of a blood vessel 1s a negative
signal. By the PSIR method, data 1s collected in an inversion
time (11) in which the longitudinal magnetization Mz of
blood becomes negative due to a magnetization prepared
rapid gradient echo (MPRAGE) sequence. For correcting a
background phase of the data, an 1mage 1n which a blood 1s
made to be a positive signal by extending the TI, 1s used.
(That 1s, two TI i1mages are used.) Furthermore, as an
application of the PSIR method, there 1s an imaging method
referred to as a simultaneous noncontrast angiography and
intraplaque hemorrhage (SNAP) method. By the SNAP
method, 1n addition to the BB image acquired by the PSIR
method, a white blood (WB) image 1n which the mside of a
blood vessel 1s made to be a positive signal 1s provided by
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inverting the brightness of the BB image and applying a
maximum 1intensity projection (MIP) processing. However,
the BB 1image acquired by these imaging methods 1s only of
a single TT and 1s often not optimal as a T1 weighted (T1W)
image of a background tissue (also referred to as a paren-
chymatous tissue). Furthermore, the 1image acquired by the
SNAP method by mverting the brightness of the BB 1image,
lacks the CNR for a WB 1mage, and the TI being conformed
to the BB 1image 1s too short for a labeled blood to flow 1nto
a peripheral blood vessel, and therefore, drawing a thin
blood vessel 1s difficult.

As a method improved from the SNAP method, there 1s a
method for collecting data of a single T1 by the MPRAGE
sequence and using a TOF image separately imaged for
correcting a background phase. However, even by this
method, although data for phase correction newly collected
1s reduced compared with the SNAP method, only an image
of a single time phase 1s acquired, and therefore sometimes
a blood vessel 1s not drawn as BB 1n the overall image
depending on a flowing rate and a position 1n the slice
direction.

Thus, the MRI apparatus 100 according to the present
embodiment 1s configured to be able to acquire an 1mage 1n
which blood and a background tissue are more preferably
drawn according to blood kinetics over a plurality of time
phases.

Particularly, the collecting function 14a of the processing
circuitry 14 performs at least one of data collection of a tag
mode for collecting data of an 1maging region of a subject
at a plurality of time intervals after the tag pulse 1s applied
to blood flowing 1nto the imaging region, and collecting data
of a control mode for collecting data of the imaging region
at a plurality of time intervals by diflering applying or
not-applying a tag pulse and a position of applying. The first
generation function 15q of the processing circuitry 13 per-
forms phase correction by using data 1n which the longitu-
dinal magnetization Mz of blood 1s positive, for at least one
of data collected by the tag mode and data collected by the
control mode, to generate a BB 1mage for each time phase.
The second generation function 155 performs calculation 1n
a time phase direction by using the BB 1mage generated for
cach time phase to generate calculated 1image.

Hereinatter, such imaging method 1s named as a simul-
taneous time-encoding for bipolar MRA (STEP) method.

Note that the processing circuitry 14 1s one example of the
processing circuitry of Claims.

As a method for collecting data of a plurality of time
phases by the collecting function 14q, various 1maging
methods can be used. For example, arterial spin labeling
(ASL) method can be used. For example, a pulsed ASL
(PASL) method, a continuous ASL (CASL) method, and a
pseudo-continuous ASL (pCASL) method can be used. The
PASL method uses a pulse wave and the CASL method uses
a continuous wave. The pCASL method uses a number of
short pulse waves. As the tag pulse, a spatial tag pulse, a
speed selecting tag pulse, and an acceleration selecting pulse
can be used.

In the present embodiment, the collecting function 14a
performs data collection by an imaging method of a signal
targeting with alternating radioirequency (STAR) system or
a flow-sensitive alternating inversion recovery (FAIR) sys-
tem, being one type ol the arterial spin labeling (ASL)
method. In the present embodiment, the collecting function
14a performs data collection by a signal targeting with

alternating radio frequency with asymmetric iversion slab
(ASTAR) method being one of imaging methods of the
STAR system.
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In the ASL method, data collection of a tag mode for
collecting data of an 1maging region of the subject at a time
when a prescribed waiting time (hereinafter, referred to as
T1) elapses atter a tag pulse 1s applied to blood tlowing nto
the imaging region, and data collection of a control mode for
collecting data of the imaging region by differing applying
or not-applying a tag pulse and a position of applying, are
performed. The tag pulse 1s an RF pulse in which the
longitudinal magnetization becomes saturated or a negative
value. For example, the tag pulse 1s an RF pulse of which a
tlip angle 1s equal to or larger than 90°. More particularly,
the tag pulse 1s an mverted pulse of which a tlip angle 1s
180°. A tag image 1s generated on the basis of data collected
by the tag mode, a control 1image 1s generated on the basis
ol data collected by the control mode, and an 1image 1n which
blood of an 1maging target 1s drawn 1s generated by difler-
ence of these images. The control 1mage 1s, for example,
simply an 1mage collected without being applied with the tag
pulse that has been applied in the tag image, an 1mage
collected by applying a similar pulse to the tag pulse 1n a
different position from the tag pulse applied in the tag image,
or the like. The similar pulse to the tag pulse applied to
acquire a control 1image 1s sometimes referred to as a control
pulse to differentiate from the tag pulse. The above-de-
scribed denominations such as the tag image and the control
image are merely examples.

In an 1maging method of the STAR system, a tag pulse 1s
applied 1n an upstream portion of blood flowing into the
imaging region of the subject 1n the tag mode. In the ASTAR
method, a similar control pulse to the tag pulse 1s applied in
a position not aflecting blood 1n order to cancel magnetiza-
tion transter (MT) eflect 1n the control mode. On the other
hand, 1n an 1maging method of the FAIR system, a tag pulse
1s applied to a range including an upper stream portion of
blood flowing 1nto an imaging region of a subject and the
imaging region in the tag mode, and a control pulse 1is
applied to a range including the imaging region in the
control mode.

By performing such data collection by the ASL method
plural times while changing the TI, images of blood of a
plurality of time phases can be acquired. For example, when
data collection of the tag mode and data collection of the
control mode are performed continuously, a Hadamard
encode (HE) method can be used.

In this embodiment, the first generation function 134
further generates a diflerence 1mage between an image
generated from data collected 1n the tag mode and an 1image
generated from data collected 1n the control mode, a difler-
ence 1image between images generated from data collected 1n
the tag mode, or a diflerence 1mage between 1mages gener-
ated from data collected in the control mode, for each time
phase.

Various difference methods can be used as a method for
differentiating an 1mage by the first generation function 15a4.
For example, an N-N method for differentiating a tag image
and a control image of a plurality of time phases 1n a
combination of each time phase, and an N-1 diflerentiating
method for collecting only one of a tag image and a control
image ol a plurality of time phases and differentiating an
image ol any one time-phase of the images of the plurality
of time phases and an 1mage of each time phase, can be used.

In the STEP method described 1n the present embodiment,
various combinations of the above-described imaging meth-
ods and differentiating method can be used. The following
describes a STEP_ASTAR_N-N method using the ASTAR
method and the N-N differentiating method, a STE-
P_ASTAR_N-1 method using the ASTAR method and the

10

15

20

25

30

35

40

45

50

55

60

65

8

N-1 differentiating method, and a STEP_FAIR_N-N method
using the imaging method of the FAIR system and the N-N
differentiating method, as the most typical examples.

First, the STEP_ASTAR_N-N method 1s described. In the
STEP_ASTAR_N-N method, a tag image and a control
image are generated for each of a plurality of T1 and a
difference 1mage between the tag image and the control
image for each TI 1s generated as a blood image (ASL
image).

FIGS. 2 to 4 are schematic of one example of the
STEP_ASTAR_N-N method according to the first embodi-
ment. For example, as illustrated 1n FIG. 2, 1n the STE-
P_ASTAR_N-N method, an application region 22 of a tag
pulse 1s set 1 an upper stream portion of blood B flowing
into an 1maging region 21. An application region 23 of a
control pulse 1s set 1n an opposite position from the appli-
cation region 22 of the tag pulse with respect to the imaging
region 21. Each of the imaging region 21 and application
regions 22 and 23 are set by a setting function 13a.

The collecting function 14a performs data collection of
the tag mode and data collection of the control mode for
cach of TI,, TI,, TI,, . . . Tl,.,, and TI,, where
T, <TL<TI < . . . <TI,.,<TI,.

For example, as illustrated in the upper side of FIG. 3, the
collecting function 14a performs data collection (read-out)
of the 1imaging region 21 at a time when TI1, elapses after a
tag pulse (Tag-IR) 1s applied to the application region 22 of
the tag pulse, as data collection of the tag mode. Then, the
collecting function 14a performs data collection of the tag
mode for each TI while changing the TI 1n order of TIL,,
11, . .. Tl,.,, Tl,. The collecting function 14a performs
data collection of the imaging region 21 at a time when TT,
clapses after a similar control pulse (Control-IR) to the tag
pulse 1s applied to the application region 23 of the control
pulse, as data collection of the control mode. Then, the
collecting function 14a performs data collection of the
control mode for each TI while changing the T1 1n order of
11,, TI;, . . . Tl..,, TI,. An example 1illustrated in FIG. 3
illustrates a case 1n which a flip angle FA,__ of the tag pulse
is set to be FA,, =180°.

In this case, for example, as 1llustrated in the lower side
of FIG. 3, i the tag mode, blood labeled by the tag pulse
flows into the imaging region 21 while being gradually
relaxed from a state where the longitudinal magnetization
Mz 1s inverted as the TI becomes longer (tagged blood
illustrated in FIG. 3). In the control mode, because saturated
blood always flows into the imaging region 21, the longi-
tudinal magnetization Mz of blood 1s always in a state of
being saturated (control blood illustrated 1n FIG. 3). On the
other hand, because the longitudinal magnetization Mz of a
background tissue 1s not inverted by the tag pulse, even
though there 1s a difference due to a blank time of data
collection (read-out) and an MT eflect, the longitudinal
magnetization Mz becomes substantially the same in the tag
mode and the control mode (stationary tissue 1illustrated in
FIG. 3). Therefore, when the tag image and the control
image are differentiated, an 1mage 1s acquired in which a
signal value in the background tissue portion 1s inhibited and
a blood portion 1s emphasized.

For example, the collecting function 14a divides k-space
into a plurality of regions according to a size of the k-space
and performs data collection of TI, to TI,, for each divided
region. For example, the collecting function 14a repeats data
collection of TI, to TI,, for each divided region at prescribed
time (1,,,.,,) intervals.

Successively, the first generation function 15a performs
phase correction for data collected by the collecting function

rag
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14a by using data in which the longitudinal magnetization of
blood 1s positive from among collected data of a plurality of
time phases to generate a BB 1mage for each time phase. The
BB 1mage 1s generated as a T1W 1mage in which the inside
of a blood vessel 1s negative signal. Hereinafter, a time phase
1s represented by “1” and time phases corresponding to
TI,, ..., Tl are each represented by 1=1, . . ., N.

Phase correction means correcting a phase of a signal
shifted due to non-uniformity of a static magnetic field, an
eddy current of a gradient magnetic field, a component
(Maxwell term) of the gradient magnetic field other than a
static magnetic field direction, or the like. This phase cor-
rection 1s performed by using phase data in which a back-
ground (static) tissue can be recognized as a phase distri-
bution. By performing this phase correction, an encode of a
signal value of blood inverted by the tag pulse can be
reproduced.

For example, as 1llustrated 1n the upper side of FIG. 4, the
first generation function 15a performs 1image reconstruction
such as Fourier transform, for data collected by the tag mode
for each time phase to generate a tag image S, (11,). The
first generation function 15a performs Fourier transform, for
data collected by the control mode for each time phase to
generate a control image S_,, (11,). The tag image S, (11,
and the control image S___(T1) are each generated as a
complex 1mage.

Then, the first generation function 135a performs phase
correction for the tag image S, (11,) for each time phase.
The first generation function 15a generates a real image
from the phase corrected tag image for each time phase to
generate a BB image S, (11,). The first generation tunc-
tion 15a uses a control 1mage 1n which the longitudinal
magnetization of blood 1s positive from among a plurality of
control images S__. ('T1.), as phase data for phase correction.
As one example, the first generation function 154 uses a
control 1mage S__ (TI,) of the final phase N having the
highest probability of the longitudinal magnetization of
blood being positive.

For example, as 1llustrated 1n the lower side of FIG. 4, the
first generation function 15a generates a BB 1image S, .,
(11;) from a tag image S, (T1;) according to the followmg
formula (1). In the formula (1), the S___ _ 1s phase data for
phase correction and the S equals S__ (TI,).

COFE

(71,)=Real[S

lag

(11)*Cony(S__, VIS

COnt ]

(1)

Then, the first generation function 15q differentiates the
BB image S, , _,(T],) and the control image S_, (T1,) for
cach time phase to generate a blood 1mage S__(T1.).

For example, as 1llustrated 1n the lower side of FIG. 4, the
first generation function 15a generates a blood image S
(T1,) from the BB 1image S, (11,) and the control image
S ., (11.) according to the followmg formula (2).

fclg cor

(2)

The first generation function 15a preserves each gener-
ated 1mage 1n the storage circuitry 11, and 1n response to a
request from an operator, reads out the requested 1image from
the storage circuitry 11 and outputs the image to the display
10.

In the above-described example, although data collection
of the tag mode and data collection of the control mode are
alternatively performed, embodiments are not limited
thereto. For example, the collecting function 14a may per-
form data collection of the control mode for all TI after
performing data collection of the tag mode for all T1. On the
other hand, the collecting function 14a¢ may perform data

SHSE(TII'): |Scc}nf(TIi) | _Sfag. CGF(TII')
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collection of the tag mode for all TI after performing data
collection of the control mode for all TI.

In the above-described example, although data collection
1s continuously performed in plural times by one tag pulse
or control pulse, embodiments are not limited thereto. For
example, the collecting function 14a may perform data
collection for one time-phase continuously by one tag pulse
or control pulse for each TI.

In the above-described example, although an example of
a case 1 which phase correction 1s performed for all time
phases 1s described, embodiments are not limited thereto.
For example, 1n a case in which a flip angle FA, , of the tag
pulse 1s FA, . <90°, or in a case in which the T1 1s so long that
a signal value of a blood vessel becomes positive even
though a flip angle FA,, 15 90°<FA,, <180°, phase correc-
tion may not necessary be performed.

In the above-described example, although a control image
of the final time phase 1s used as phase data for phase
correction, embodiments are not Ilimited thereto. As
described above, 1n the control mode of the STE-
P_ASTAR_N-N method, because saturated blood always
flows 1nto the 1maging region, all control 1mages generated
for each time phase can be recognized as equal. Therefore,
a control image of any time phase can be used as phase data
for phase correction. Furthermore, for example, separately
collected TOF 1mage can be used as phase data for phase
correction. That case, for example, eliminates the need for
waiting until data 1s collected 1n which the longitudinal
magnetization 1s positive, and therefore the T can be
shorten.

Next, the STEP_ASTAR_N-1 method 1s described. In the
STEP_ASTAR_N-1 method, a tag 1mage 1s generated for
cach of a plurality of T1 and a difference 1mage between the
tag image for the final time phase and the tag image for each
time phase 1s generated as a blood 1image (ASL 1mage) for
cach time phase.

FIGS. 5 to 7 are schematics of an example of the
STEP_ASTAR_N-1 method according to the first embodi-
ment. For example, as illustrated i FIG. 5, 1n the STE-
P_ASTAR_N-1 method, an application region 52 of the tag
pulse 1s set to an upper portion of blood B flowing into the
imaging region S1. Each region of the imaging region 51 and
the application region 52 1s set by the setting function 13a.

Then, the collecting function 14a performs data collection
of the tag mode for each of T1,, T1,, T1;, ... TI,.,, and TI,,

where TI,<TL<TI,< ... <TI,. ,<TI,.

For example, as illustrated in the upper side of FIG. 6, the
collecting function 14a performs data collection (read-out)
of the imaging region 51 at a time when 11, elapses after
applying a tag pulse (Tag-IR) to the apphcatlon region 32 of
the tag pulse as data collection of the tag mode. After that,
the collecting function 14a performs data collection of the
tag mode for each TI while changing the T1 1n order of T1,,

repeal

T1;, ... TI,. ,, TI,. The example in FIG. 6 illustrates a case
n Whjch a tlip angle FA,,. of the tag pulse 1s set to be
FA,,,=180°.

In this case, for example, as 1llustrated in the lower side
of FIG. 6, 1n the tag mode, blood labeled by the tag pulse
flows into the imaging region 21 while being gradually
relaxed from a state where the longitudinal magnetization
Mz 1s inverted as the TI becomes longer (tagged blood
illustrated 1 FIG. 6). When the longitudinal magnetization
Mz of blood 1s substantially completely saturated 1n the final
time phase N and a fluctuation of the signal intensity of the
background tissue in the time phase direction can be
ignored, the tag image of the final time phase N can be
substituted for the control image. In this manner, data
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collection can be performed in substantially half time com-
pared with a case in which the tag image and the control
image are collected by the same number.

For example, the collecting function 14a divides k-space
into a plurality of regions according to a size of the k-space
and performs data collection of TI, to TI,, for each divided
region. For example, the collecting function 14a repeats data
collection of TI, to T1,,for each divided region at prescribed
time (T,,,.,,) 111tervals

Sub Sequently,, the first generation function 15a performs
phase correction for data collected by the collecting function
by using data in which the longitudinal magnetization of
blood 1s positive from among collected data of a plurality of
time phases to generate a BB image for each time phase. The
BB mmage 1s generated as a T1 W 1mage 1n which the inside
of a blood vessel 1s a negative signal. Hereinalter, a time
phase 1s represented by “1” and time phases corresponding to
T1,, ..., TI,; are each represented by 1=1, , N.

For example as 1llustrated 1n the upper 81de of FIG. 7, the
first generation function 15a performs 1mage reconstruction
such as Fourier transform, for data collected by the tag mode
for each time phase to generate a tag 1image Smg(TI ). BEach
tag image S,, (11,) 1s generated as a complex image.

After that the first generation function 15aq performs
phase correction for the tag image S, (11;) for each time
phase. The first generation function 15a generates a real
image from the phase corrected tag image for each time
phase to generate a BB 1 Image S tac CGF(TII.). The first genera-
tion function 154 uses a tag image 1n which the longitudinal
magnetization of blood 1s positive from among a plurality of
tag 1mages S, (11,), as phase data for phase correction.
Here, as one example, the first generation function 154 uses
a tag image S, (T1,) of the final phase N having the highest
probability of the longitudinal magnetization of blood being,
positive.

For example, as 1llustrated 1n the lower side of FIG. 7, the
first generation function 15a generates a BB 1mage S
(T1,) from the tag 1image S

formula (3), where S
and S

fag.cov

e 11;) according to the followmg
.. 18 phase data for phase correction
equals S, (T1,).

COFIL

Smfg. EGF(TII') =Real [S

lag

(IT)*Conj(S._,..)/IS

canr]

(3)

After that, the first generation function 135a differentiates
the BB 1mage S, CW(TI) generated by the tag image
S,..(11;) and the tag image S, _(T1,) for the final time phase
N, for each time phase to generate a blood image S__(T1).
For example, as 1llustrated 1n the lower side of FIG. 7, the
first generation function 15a generates a blood image S et
(TI) from the BB image S, (11) and the tag image
(TIN) accordmg to the followmg formula (4), where
S .. 1s a control image for diflerentiation and S__, . equals

Smg(TIN) ’

asf(TI) A anf' Sfﬂg car(TI)

ng

ORI

(4)

Then, the first generation function 15a preserves each
generated 1image 1n the storage circuitry 11, and 1n response
to a request from an operator, reads out the requested 1mage
from the storage circuitry 11 and outputs the 1mage to the
display 10.

In the above-described example, although data collection
1s continuously performed in plural times by one tag pulse,
embodiments are not limited thereto. For example, the
collecting function 14a may perform data collection for one
time-phase by one tag pulse for each TI.

In the above-described example, although an example of
a case 1 which phase correction 1s performed for all time
phases has been described, embodiments are not limited
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thereto. For example, in a case in which a tlip angle FA,
of the tag pulse 1s FA,, ,<90° or 1n a case in which the 11 1s
so long that a signal value of a blood vessel 1s positive even
though a flip angle FA,, 15 90°<FA,  <180°, phase correc-
tion may not necessary be performed and an 1mage may be
an absolute value 1mage.

In the above-described example, although a tag image of
the final time phase 1s used as phase data for phase correc-
tion, embodiments are not limited thereto. For example,
when the longitudinal magnetization of blood 1s positive, a
tag 1mage of the other time phase may be used as phase data
for phase correction. Furthermore, for example, separately
collected TOF 1mage may be used as phase data for phase
correction. That case, for example, eliminates the need for
waiting until data in which the longitudinal magnetization 1s
positive, 1s collected, and therefore T, . can be shorten.

In the above-described example, although a tag 1mage of
the final time phase 1s used for both of phase data for phase
correction and the control image for differentiation, embodi-
ments are not limited thereto. For example, tag images of
different time phases may be used for phase data for phase
correction and the control image for differentiation. Further-
more, for example, separately collected TOF image may be
used as phase data for phase correction and the tag image of
the final time phase may be used as the control 1mage for
differentiation.

Next, the STEP_FAIR_N-N method 1s described. In the
STEP_FAIR_N-N method, a tag image and a control image
are generated for each of a plurality of T1 and a difference
image between the tag image and the control image for each
TT 1s generated as a blood 1mage (ASL 1mage).

FIGS. 8 to 10 are schematics of one example of the
STEP_FAIR_N-N method according to the first embodi-
ment. For example, as illustrated in FIG. 8, i the
STEP_FAIR_N-N method, an application region 82 of a tag
pulse 1s set to iclude an upper stream portion of blood B
flowing into an i1maging region 81 of a subject and the
imaging region 81. For example, the application region 82 of
the tag pulse 1s set to be a size larger enough to include the
upper stream portion of the blood B and the imaging region
81. The tag pulse, for example, may be applied with no
region selected. An application region 83 of a control pulse
1s set to include the imaging region 81. For example, the
application region 83 of the control pulse 1s set to be a size
of an extent for containing only the 1imaging region 81 and
to be a size smaller than the application region 82 of the tag
pulse. Each region of the imaging region 81 and application
regions 82 and 83 are set by the setting function 13a.

Then, the collecting function 14a performs data collection
of the tag mode and data collection of the control mode for
ecach of TI,, TI,, TI,, . . . Tl,.,, and TI,, where
TI,<TL<TIi< . . . <I1, <TI,.

For example, as illustrated in the upper side of FIG. 9, the
collecting function 14a pertorms data collection (read-out)
of the imaging region 81 at a time when T1, elapses after
applying a tag pulse (Tag-IR) to the apphcatlon region 82 of
the tag pulse, as data collection of the tag mode. After that,
the collecting function 14a performs data collection of the
tag mode for each TI while changing the T1 1n order of T1,,
11, . .. Tl,.,, Tl,. The collecting function 14a performs
data collection of the imaging region 81 at a time when 11,
clapses after a similar control pulse (Control-IR) to the tag
pulse 1s applied to the application region 83 of the control
pulse, as data collection of the control mode. After that, the
collecting function 14a performs data collection of the
control mode for each TI while changing the T1 1n order of

11,, Tl;, . . . TI,.,, TI,. An example 1n FIG. 9 1llustrates a
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case 1 which a tlip angle FA

angle FA
FA,,.=FA
In this case, for example, as illustrated 1n the lower side

of FIG. 9, 1n the tag mode, blood labeled by the tag pulse
flows into the imaging region 81 while being gradually
relaxed from a state where the longitudinal magnetization
Mz 1s inverted as the TI becomes longer (tagged blood
illustrated in FIG. 9). In the control mode, because saturated
blood flows into the imaging region 81, the longitudinal
magnetization Mz of blood inverted by the control pulse 1s
immediately relaxed to a saturated state (control blood
illustrated 1n FIG. 9). On the other hand, because the
longitudinal magnetization Mz of the background tissue is
similarly inverted in the tag mode and the control mode, the
longitudinal magnetization Mz of the background tissue
becomes substantially the same (stationary tissue illustrated
in FIG. 9). Therefore, when the tag image and the control
image are differentiated, an image 1s acquired 1n which a
signal value in the background tissue portion 1s inhibited and
a blood portion 1s emphasized.

For example, the collecting function 14a divides k-space
into a plurality of regions according to a size of the k-space
and performs data collection of TI, to TI,, for each divided
region. For example, the collecting function 14a repeats data
collection of TI, to TI,,for each divided region at prescribed
time (T,.,.,,) Intervals.

Subsequently, the first generation function 15a performs
phase correction for data collected by the collecting function
by using data i which the longitudinal magnetization of
blood 1s positive from among collected data of a plurality of
time phases to generate a BB image for each time phase. The
BB image 1s generated as a T1 W 1mage 1n which the mnside
of a blood vessel 1s a negative signal. Hereinalter, a time
phase 1s represented by “1” and time phases corresponding to
T1,, ..., Tl,, are each represented by 1=1, , N.

For example as 1llustrated 1n the upper 81de of FIG. 10,
the first generation function 15a performs Fourier transform,
for data collected by the tag mode for each time phase to
generate a tag image S,, (11). Furthermore, the first gen-
eration function 15a periorms Fourier transform, for data
collected by the control mode for each time phase to
generate a control image S__ (T1). Each of the tag image

S,..(11;) and the control image S_,, (T1;) 1s generated as a
complex 1mage.

After that, the first generation function 15a performs
phase correction for each of the tag image S, (T1;) and the
control 1mage S___(T1) for each time phase. The first
generation function 15a generates a real 1mage from each of
the phase corrected tag image and the control image for each
time phase to generate a BB image S,,, _ (11) and a
corrected control image S__ . (T1,). In this time, the first
generation function 15a uses a control 1mage 1n which the
longitudinal magnetization of blood 1s positive from among
a plurality of control images S__ (TI)), as phase data for
phase correction. Here, as one example, the first generation
tunction 15a uses a control image S__ (T1,) of the final
phase N having the highest probability of the longitudinal
magnetization of blood being positive.

For example, as illustrated in the lower side of FIG. 10,

the first generation function 15a generates a BB image
Siag CGF(TII) and a corrected control image Scaﬂr.cﬂr(TIi) from
the tag image S, (1I,) and the control image S_,, (11,)
according to the following formulae (35) and (6), where the

of the tag pulse and a tlip
pulse are set to be

fag
., 0f the control

=180°.
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S _._ . 1s phase data for phase correction and the S
Scaﬂr(TIN)'

equals

OFL

(71,)=Real[S

lag

(11)*Cony(S__, /1S

Cortl ] (5)

rag cor

Secont.corl T1;)=REAI[S o A 11;)*CONJ (S )/ S o] (6)

As described above, in the STEP_ FAIR_N-N method,
phase correction 1s performed for both of the tag image
S..e(11;) and the control image S_,, (11,). In this manner, an
encode of both of a signal value of blood and a signal value
ol a background tissue can be reproduced.

After that, the first generation function 15q differentiates
the BB image S, (1)) generated from the tag image

mg(TI) and the corrected control image S____ ('T1,) for
cach time phase to generate a blood image S__(T1.).

For example, as 1illustrated 1n the lower side of FIG. 10,
the first generation function 15a generates a blood 1mage

ﬂsz(TI) trom the BB 1mage S, . ., (11,) and the corrected
control 1mage S (T1) aeeerdmg to the following for-

mula (7).

CORE.COF

asf(TI) cOnt. C{J?"(TI) Srag cor(TI) (7)

The first generation function 15a preserves each gener-
ated 1mage 1n the storage circuitry 11, and in response to a
request from an operator, reads out the requested image from
the storage circuitry 11 and outputs the 1mage to the display
10.

In the above-described example, although data collection
of the tag mode and data collection of the control mode are
alternatively performed, embodiments are not limited
thereto. For example, the collecting function 14a may per-
form data collection of the control mode for all TI after
performing data collection of the tag mode for all TI. By
contrast, the collecting function 14a may perform data
collection of the tag mode for all TI after performing data
collection of the control mode for all TI.

In the above-described example, although data collection
1s continuously performed in plural times by one tag pulse
or control pulse, embodiments are not limited thereto. For
example, the collecting function 14¢ may continuously
perform data collection for one time-phase by one tag pulse
or control pulse for each TI.

In the above-described example, although an example of
a case 1 which phase correction 1s performed for all time
phases has been described, embodiments are not limited
thereto. For example in a case 1n which a flip angle FA__

of the tag pulse 1s FA,,,<90° or a flip angle FA_,,,, of the
control pulse 1s FA__ <90° or in a case in which the TTI 1s
so long that a signal value of a blood vessel 1s positive even
though a flip angle FA, _ 1s 90°<FA___<180° or a tlip angle

fa I
FA ., . 18 90°<FA <18gOD,, phase eefreetlen may not nec-
essary be performed.

COFE

In the above-described example, although a control 1mage
of the final time phase 1s used as phase data for phase
correction, embodiments are not limited thereto. As
described above, in the control mode of the STEP-
_FAIR_N-N method, the longitudinal magnetization Mz of
blood inverted by the control pulse 1s immediately relaxed to
a state of being saturated. Therefore, when the longitudinal
magnetization of blood 1s positive, a control 1mage of the
other time phase may be used as phase data for phase
correction. Furthermore, for example, separately collected
TOF 1mage can be used as phase data for phase correction.
That case, for example, eliminates the need for waiting until

data in which the longitudinal magnetization is positive, 1s
collected, and therefore T can be shorten.

repeal
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In the present embodiment, after the BB image, the blood
image, etc. are generated as described above, the second
generation function 155 performs an operation 1 a time
phase direction by using the 1image generated for each time
phase by the first generation function 15a to generate a
calculated 1mage.

For example, the second generation function 13556 applies
a filter to the 1image generated for each time phase, 1n a time
phase direction to perform smoothing of the signal value. In
this manner, the signal to noise ratio (SNR) of each image
can be improved. For example, when data 1s collected by the
imaging method of the STAR system, a background tissue
portion 1s not changed and only a blood vessel portion 1s
changed, and therefore more intense smoothing 1s possible.

The second generation function 156 may apply different
weighted filters 1 the fluud portion and the background
tissue portion. For example, the second generation function
1556 extracts the blood vessel portion by performing thresh-
old processing, for example, by using an MIP image of a
blood 1mage and uses the extracted blood vessel portion as
a mask, to divide the blood vessel portion and the back-
ground tissue portion of each image. Furthermore, for
example, the second generation function 155 uses different
filters 1n the blood vessel portion and the background tissue
portion so that the blood vessel portion 1s weakly smoothed
in the time phase direction and the background tissue portion
1s strongly smoothed in the time phase direction. In this
manner, the SNR of the background tissue portion can be
improved without affecting the blood vessel portion. That 1s,
the SNR of the background tissue portion can be improved
while quick change i the blood vessel portion 1s main-
tained. A signal value may be simply averaged instead of
applying of a filter, for the background tissue portion.

For example, when data 1s collected by the imaging
method of the FAIR system, because both of the blood vessel
portion and the background tissue portion are T1 relaxed, the
signal value of the background tissue portion cannot be
simply averaged. Therefore, 1n this case, the second genera-
tion function 1356 uses, for example, a weighted filter.

Even 1n this case, because the blood vessel portion and the
background tissue portion can be divided by using the blood
image, different weighted filters can be applied 1n the blood
vessel portion and the background tissue portion.

FIGS. 11 and 12 are schematics of one example of a
weighted filter used by the second generation function 155
according to the first embodiment. FIG. 11 illustrates a

weighted filter W (T1) for the background tissue portion and
FIG. 12 illustrates a weighted filter W (T1) for the blood
vessel portion. Each filter 1s defined as a weighting function.

For example, as 1llustrated 1n FIGS. 11 and 12, the second
generation function 156 uses a filter of which weighting with
respect to the signal value becomes smaller as a T1 of the
image separates farther from the 11, , being a base, in the
time phase direction. As the TI, , being the base, fo
example, a TI in which the blood vessel 1s drawn 1 the
largest range, the TI in which the CNR of the blood vessel
and the background tissue becomes the highest, a TI 1n
which the CNR of the T1W 1mage of the background tissue
becomes the highest, or the like 1s used.

For example, the second generation function 156 defines
a filter W, ('TI) being a basic form and shifts the filter W,
(T1) depending on whether the filter 1s for a blood vessel
portion or a background tissue portion, and uses the shifted
filter W, ('T1). For example, as 1llustrated in FIGS. 11 and 12,
a filter that 1s larger 1n the time phase direction compared
with a blood vessel portion 1s used for a background tissue
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portion. The second generation function 155, for example,
may shift the filter W, ('T1) depending on the TT.

The second generation function 136 may perform an
operation for the image generated for each time phase by the
first generation function 15a after applying a weighted filter
in the time phase direction. For example, the second gen-
eration function 156 performs maximum intensity projection
processing, minimum intensity projection processing, or
averaging for a signal value in the time phase direction, to
generate a calculated 1mage.

Operators are defined, for example, as follows. Herein-
alter, a time phase 1s represented by “1” and time phases

corresponding to 11, . . ., TI,, are each represented by
=1, ..., N.
Conv [A, B]: Convolution of function A and function B

tMIP[ ]: Maximum 1ntensity projection in time direction
tminlP[ |: Minimum intensity projection in time direction
tAve [ |: Average or weighted average in time direction
For example, the second generation function 155, when
data collection has been performed by the imaging method
of the STAR system, performs maximum intensity projec-
tion 1n the time direction according to the following formula
(8) by using a blood 1image S__(TI) and a weighting filter
W1 (11,) to generate a calculated image S In this

proc’
example, the calculated 1mage S, _ can be used as a WB

image 1n which the inside of a blood vessel 1s a positive
signal.

S e —tMIP[Conv[W1(I1),S,,.(11)]]

proc

(8)

For example, the second generation function 155 per-
forms maximum intensity projection in the time direction
according to the following formula (9) by using a control
image S__(T1.) and a weighting filter W1(T1,) to generate
a calculated mmage S, . In this example, the calculated
image S, . can be used as a WB 1mage in which the nside
ol a blood vessel 1s a positive signal.

S o =tMIP[Conv[W1(I1.),S..,(T1,)]]

proc

(9)

For example, the second generation function 156, when
data collection has been performed by the imaging method
of the STAR system, performs minimum intensity projection
in the time direction according to the following formula (10)
by using a BB image S, _,(T1,) and a weighting filter W1
(T1,) to generate a calculated 1image S

proc®

Sproe=tMIIP[Conv[ W1(TT,),S g cor TT)]]

Proc

(10)

For example, the second generation function 155, when
data collection has been performed by the imaging method
of the FAIR system, performs averaging in the time direction
according to the following formula (11) by using a BB
image S, ..(1];) and a weighting filter W1 (TI,) to gen-
erate a calculated image S . In this example, by perform-
ing averaging in addition to the weighting filter, the SNR can
be further improved.

S roc—tAve[Conv[WI(T1,),S, ., .o (TT)]]

proc

(11)

For example, the second generation function 1556 uses a
BB image S, _,,(1],) and a blood image S, (11,), as well
as a weighting filters W1(T1), W2(TI)), and W3(1l) to
generate a calculated image S, (T1,), according to the
following formula (12) for the blood vessel portion and the
following formula (13) for the portion other than the blood
vessel portion. Each of the weighting filters has higher

intensity of smoothing in order of WI1(TL), W2(TI,), and




US 10,768,258 B2

17
W3(TL). In the formula (12), a 1s any coeil

icient. In this
example, the contrast of the blood vessel portion can be
turther improved.

Spracl(TIf):CDHV[m(TIE) :Srag.car(:z]rf)]_
(TII'):S-;ISE(TII')]

a*Conv[ 1
(12)

(T1)=Conv[W3(TI,).,S,

asg.cor

(17;)] (13)

For example, the second generation function 155 gener-
ates a calculated 1mage S, ., according to the tollowing
formula (14) when data collectlon has been performed by
the 1imaging method of the STAR system, and according to
the following formula (15) when data collection has been
performed by the imaging method of the FAIR system.

pmc 1

S

proc? =min/p [Sprocl (TII)] (1 4)

S

proc?

ZIAFE[SFFDCI(TII')] (15)

Although the operation 1s performed after the weighted
filter 1s applied 1n the time phase direction in the above-
described example, embodiments are not limited thereto.
That 1s, the second generation function 156 may perform
cach operation without applying the weighted filter 1n the
time phase direction.

The second generation function 13556 preserves each gen-
erated calculated 1mage 1n the storage circuitry 11, and 1n
response to a request from an operator, reads out the
requested calculated image from the storage circuitry 11 and
outputs the image to the display 10.

The exemplary configuration of the MRI apparatus 100
according to the present embodiment has been described.
Each processing function of the above-described processing
circuitries 12 to 15, for example, 1s stored in the storage
circuitry 11 i a form of a computer executable program.
Each of the processing circuitries reads out each program
from the storage circuitry 11 and executes the read-out
program to achieve processing function corresponding to the
program. In other words, each of the processing circuitries
12 to 135 that has read out each program has each processing
function 1llustrated 1n FIG. 1.

FIG. 13 1s a flow chart for processing of a STEP method
according to the first embodiment. For example, as 1llus-
trated 1n FI1G. 13, 1n the present embodiment, first, the setting
function 13a sets an 1imaging condition (step S101). In this
time, the setting function 13a sets a pulse sequence, an
imaging region, an application region of a tag pulse and a
control pulse, and the like for performing the above-de-
scribed STEP_ASTAR_N-N method, STEP_ASTAR_N-1
method, STEP _FAIR_N-N method, or the like.

Successively, the collecting function 14a executes data
collection such as the STEP_ASTAR_N-N method, STE-
P_ASTAR_N-1 method, or STEP_FAIR_N-N method (step
3102).

Successively, the first generation function 15a performs
Fourier transform, for data collected by the collecting tunc-
tion 14a for each time phase to generate both or one of a tag
image and a control image (step S103). In this time, the first
generation function 15a generates both of a tag 1mage and a
control image in the case of the STEP_ASTAR_N-N method
and the STEP_FAIR_N-N method and generates a tag image
in the case of the STEP ASTAR N-1 method.

After that, the first generation function 15a performs
phase correction to both or one of a tag image and a control
image for each phase (step S104). In this time, the first
generation function 15a performs phase correction with
respect to a tag image 1n the case of the STEP_ASTAR_N-N
method and the STEP ASTAR N-1 method, and with
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respect to both of a tag 1mage and a control 1image 1n the case
of the STEP FAIR N-N method.

After that, the first generation function 15a generates a
BB 1mage for each phase (step S105). In this time, the first
generation function 15a generates a real 1image from the
corrected tag image to generate a BB 1mage.

Furthermore, the first generation function 15a generates a
blood 1mage for each phase (step S106). In this time, the first
generation function 15q differentiates a BB image and a

control 1image to generate a blood 1mage in the case of the
STEP_ASTAR_N-N method. The first generation function

15a differentiates a BB 1image and a tag image of the final

time phase to generate a blood 1mage 1n the case of the
STEP_ASTAR_N-1 method. The first generation function

15q differentiates a BB image and a correction control image

to generate a blood mmage 1 the case of the
STEP_FAIR_N-N method.

Successively, the second generation function 13556 applies
a weighted filter 1n the time phase direction with respect to
the generated image for each time phase by the first gen-
cration function 15a (step S107). After that, the second
generation function 1355 performs an operation 1n the time
phase direction using the image applied with the weighted
filter to generate a calculated 1mage (step S108). Then, the
first generation function 15¢a or the second generation func-
tion 155, 1n response to a request from an operator, outputs
the 1mage generated by each of the generation functions to
the display 10 (step S109).

Among the above-described steps, the step S101, for
example, 1s achieved by calling a predetermined program
corresponding to the setting function 13q from the storage
circuitry 11 and executing the program by the processing
circuitry 13. Furthermore, the step S102, for example, 1s
achieved by calling a predetermined program corresponding
to the collecting function 14a from the storage circuitry 11
and executing the program by the processing circuitry 14.
Steps S103 to S106, for example, are achieved by calling a
predetermined program corresponding to the first generation
function 15a from the storage circuitry 11 and executing the
program by the processing circuitry 15. Furthermore, step
S107 and S108, for example, are achieved by calling a
predetermined program corresponding to the second gen-
eration function 1356 from the storage circuitry 11 and
executing the program by the processing circuitry 15. The
step S109, for example, 1s achieved by calling a predeter-
mined program corresponding to the first generation func-
tion 154 and a predetermined program corresponding to the
second generation function 1556 from the storage circuitry 11
and executing the program by the processing circuitry 15.

As described above, 1n the first embodiment, a blood
image, a BB image, and a WB i1mage, in which blood
kinetics are retlected are acquired. Furthermore, by perform-
ing an operation in the time phase direction, compared with
the BB image of a single time phase, a BB 1mage 1n which
blood 1s drawn 1n a range of larger space 1s acquired.
Moreover, various types of images are acquired by one
imaging.

Accordingly, in the first embodiment, an 1mage 1n which
fluid and a background tissue are more preferably drawn
according to fluid kinetics over a plurality of time phases can
be acquired.

The above-described embodiment can be performed 1n
various different forms by modilying a part of the configu-
ration of the MRI apparatus 100. The following describes
some modifications according to the above-described
embodiment, as other embodiments.
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Second Embodiment

For example, as a second embodiment, the second gen-
cration function 1556 may perform the above-described
operation aiter applying a filter including T1 relaxation
correction to the first image generated by the first generation
function 15a.

In a blood image, with a longer TI, a signal value
decreases by T1 relaxation and a blood vessel becomes
buried under noises and hard to be seen. Therefore, the
second generation function 135 uses a Weiner filter (WF)
with T1 relaxation correction to correct the blood 1mage.

This correction 1s performed with respect to data of
k-space for each time phase. The timing when the correction
1s performed may be immediate after echo data 1s collected
and may be after an 1mage 1s generated. In the case in which
the correction 1s performed aiter an 1mage 1s generated, the
correction 1s performed after Fourier transform 1s performed
at least 1n a direction to which the WF 1s applied 1n a state
of a complex 1mage, and then an 1nverse Fourier transform
1s performed. For example, in the case 1n which 3D collec-
tion 1s performed, the WF may be applied to all directions of
the k-space.

FIG. 14 1s a schematic of an example of T1 relaxation
correction according to the second embodiment. Herein, an
example of a case 1n which the WF 1s applied to a phase
encode, 1s described. FIG. 14 1llustrates data of the k-space
and right and left directions represent phase encode direc-
tions. FIG. 14 further illustrates an example of a case in
which data of the k-space 1s filled to a sequential at sampling
intervals TR by setting a segment number (division number)
#seg 1 dividing data of the k-space into a plurality of
regions and collecting the data, to be 1. Then, a plurality of
pieces ol data of k-space are filled in order, for each TI.

A gain H(k) of T1 relaxation with respect to n-th data
(TI=TI ) 1n the phase encode direction of the k-space, for
example, 1s represented by the following formula (16).

H(k)y=exp[—[11,~k*TR/Hseg/T1 g 11004 (16)

In the formula, T1_,,,,,,1s an effective T1 value of blood
and 1s determined from the T1,, . being T1 of true blood,
a TR, and a flip angle. A fixed value of a nominal value
conformed to the intensity of the magnetic field 1s used for
the T1,, _ .

In this case, for example, the second generation function
1556 generates a WFE according to the following formula (17).

WEF(k)=H* (k)*P,(k)/[[Hk) [**P (k)+P ] (17)

In the formula, k 1s a wave number of the k-space in the
phase encode direction and H*(k) 1s a complex conjugate of
the H(k). P (k) 1s a signal intensity of the k-space and the P,
1s a noise 1ntensity. For example, P, 1s determined from a
high frequency portion in which a noise of the k-space
becomes dominant, and 1s square mean value of the ampli-
tude of data.

The second generation function 155 corrects data of the
k-space according to the following formula (18). In the
formula (18), the S, , (k) 1s a signal value betore corrected
and the S__ (k) 1s a signal value after corrected.

COF

SeorlK)=S

orig

(k)" WE'(k) (18)

With such correction, for example, as illustrated 1n FIG.
14, the corrected signal value S__ (k) changes until the TI
where a noise cannot be 1gnored, similarly to a case in which
a contrast agent with no relaxation 1s 1njected. That 1s, the
signal value S__ (k) after corrected 1s uniform until the TI
where a noise cannot be ignored and after that, the signal
value S__ (k) attenuates to zero.

COF
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For example, as illustrated in FIG. 14, with a simple
correction by the product of an mnverse function I/H(k) and
a signal value, noise 1s more emphasized as TI 1s longer.
However, with the WE, noise 1s more inhibited while relax-
ation 1s corrected, as 11 1s longer.

Furthermore, for example, 1n the imaging method of the
FAIR system, a signal value of the background tissue
fluctuates due to T1 relaxation, with respect to T1. There-
fore, by applying the WF with respect to the image before
differentiated, in addition to the image of blood after difler-
entiated, the signal value of the background tissue becomes
constant with respect to the TI. As a result, for example, 1n
a case 1 which a heart or the like 1s displayed by a cine
display, the variation of movement becomes easy to be
observed. In this case, a T1 value changes according to
tissue, 1t 1s required to use different T1 values for a gray
matter (GM) and a white matter (WM) or measure each T1
value 1n advance.

In an example 1llustrated in FIG. 14, although the segment
number #seg of the k-space 1s set to be 1, embodiments are
not limited thereto.

FIG. 15 1s a schematic of an exemplary relation between
k-space data and time direction data 1n a STEP method
according to the second embodiment. For example, as
illustrated 1n FIG. 15, when a segment number #seg 1s set to
be 2, one k-space 1s filled in twice by one TI. For example,
for one k-space, data collected by first data collection and
data collected by second data collection are alternatively
filled along the phase-encoding direction. By data collection
for a plurality of TI being performed, a plurality of pieces of
data of k-space 1s collected 1n order. Even 1n such case, a WF
can be applied similarly to a case 1 which a segment

number #seg 1s set to be 1.
Third Embodiment

As a third embodiment, for example, by performing data
collection synchronously with a biosignal of a subject by the
collecting function 14a and performing an operation 1n the
time phase direction by using an 1image generated by the first
generation function 15a by the second generation function
1556, an 1mage 1n which a movement of the subject indicated
by the biosignal 1s reflected may be generated as a calculated
1mage.

For example, the collecting function 14a acquires a gate
signal transmitted from an ECG sensor mounted on a surface
of the body of a subject and performs data collection
synchronously with the acquired gate signal. Furthermore,
for example, the collecting function 14q may acquire a pulse
wave signal output from a pulse wave sensor mounted on a
surface of the body of a subject and perform data collection
synchronously with the acquired pulse wave signal.

Moreover, for example, the collecting function 14a may
acquire a respiratory signal output from a respiratory sensor
mounted on the abdomen of a subject or the like and perform
data collection synchronously with the acquired respiratory
signal. The respiratory sensor detects a movement due to
respiration as an air pressure, converts the detected air
pressure 1nto an electric signal, and outputs the electric
signal as a respiratory signal.

Moreover, for example, the collecting function 14a may
perform data collection synchronously with a navigator
signal based on data collected from a region set in the
abdomen of a subject. In this case, for example, the collect-
ing function 14a collects an MR signal sent from near the
diaphragm of the subject and acquires a signal indicating
change of a position of the diaphragm as a navigator signal,
on the basis of the collected MR signal.
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In this case, because a shape of a heart, a major blood
vessel system, and the like are changed depending on a time
phase, 1t 1s desirable that data collection 1s performed by an
imaging method of the STAR system that can maintain
contrasts for each time phase stable without applying a tag
pulse 1 an i1maging region. For example, the collecting
function 14a applies a tag pulse with a gate signal as a
trigger and collects data for a plurality of time phases after
the shortest delay time, and thereby, an 1image of a change
from the systolic period to the diastolic period 1s formed.

By simultaneously using a respiratory gate in a heart to
correct a movement due to respiration of an entire heart,
fluctuation of only heartbeats becomes easy to be observed.
Moreover, by using only a respiratory gate in a lung and
organs in the abdomen, a movement of an organ and a lesion
such as a tumor due to respiration may be observed. It 1s
known that, by image observation of the time phase direc-
tion by synchronizing heartbeats and respiration, an extent
of adhesion of a tumor or the like to a diaphragmatic wall
and an extent of adhesion of a tumor to the dura mater 1n a
head become easy to be acknowledged and this 1s useful for
treatment planning.

Method

ASTAR Tag-Control: N-N
(STAR) Tag: N-1

Control: N-1
Tag-Control: N-N
Tag: N-1

Control: N-1

FAIR

In the STEP method, a kinetic image of only blood or
blood tlow 1s acquired as a blood 1image, and because a BB
image 1s acquired until a signal value of blood 1nverted by
a tag pulse becomes zero, a clear kinetic 1image of a cardiac
muscle and nearby major blood vessel wall 1s also acquired.

Therefore, a kinetic image including not only the mside of

a heart chamber but a coronary MRA can be acquired.

Fourth Embodiment

As a fourth embodiment, for example, by performing data
collection by an imaging method of the FAIR system by the
collecting function 14a, and by performing an operation as
analyzation of the time phase direction including a fluid
portion and a background tissue portion by using data of a
plurality of time phases generated by the first generation
function 154 by the second generation function 155, a T1
map may be generated.

For example, the collecting function 14a generates a T1
map by curve fitting each point included 1n two or more
images or performing analysis calculation, for the image for
a plurality of time phases generated by the first generation
function 15a4. When an encoding mode, an echo number per
1 segment, TI, a number of time phases, T, ..., TR, TE
(Echo Time), and a flip angle are known, a T1 map can be
determined by using an MPRAGE sequence as a magneti-
zation prepared 2 rapid acquisition gradient echoes
(MP2RAGE) method.

In this case, as a 'T1 value of a background tissue, a signal
value of any of a tag image and a control image may be used
and a signal value after the SNR 1s improved by averaging
may be used. As a T1 value of blood, a signal value before
inflow of blood that 1s not mverted by a tag pulse can be
used.
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The first to fourth embodiments has been described.

However, the STEP method 1s not limited to the above-
described STEP ASTAR N-N method, STE-
P_ASTAR_N-1 method, and STEP_FAIR_N-N method. For
example, i the STEP method, various combinations
between an 1maging method of the STAR system or an
imaging method of the FAIR system, and the N-N differen-
tiating method or the N-1 differentiating method, can be
used.

Particularly, as combinations using an imaging method of
the STAR system, there are three combinations of a com-
bination with the N-N differentiating method, a combination
with the N-1 differentiating method using a tag image, and
a combination with the N-1 differentiating method using a
control 1mage. As combinations using 1maging methods of
the FAIR system, there are three combinations of a combi-
nation with the N-N differentiating method, a combination
with the N-1 differentiating method using a tag image, and
a combination with the N-1 differentiating method using a
control 1image. Table 1 below lists each of the combinations
and 1its feature.

TABLE 1
Collection Blood image BB image WB 1mage
Time Kinetic Static Kinetic Static Kinetic Static Cine TI1 map
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In Table 1, the item “Blood image™ indicates whether a
blood 1mage 1n which a background tissue has been sub-
stantially totally eliminated i1s acquired. The item “BB
image” indicates whether a BB 1mage 1n which a back-
ground tissue remains and a signal value of a blood vessel
1s lower than that of the background tissue 1s acquired. The
item “WB 1mage” indicates whether a WB 1mage in which
a background tissue remains and a signal value of a blood
vessel 1s higher than that of the background tissue 1s
acquired. The 1tem “Kinetic” indicates whether kinetic
observation 1s possible and the item “Static” indicates
whether static 1mage observation 1s possible. The 1tem
“Cine” indicates whether kinetic observation for a back-
ground tissue 1s possible under a substantially fixed condi-
tion. The item ““I'l map” indicates whether a T1 map 1s
acquired. In each item, “Y”” indicates yes (possible) and “N”
indicates no (1mpossible).

For example, as listed 1n Table 1, collection time 1n a
method using the N-1 differentiating method 1s substantially
half as that in a method using the N-N differentiating
method. In a combination method of an 1imaging method of
the STAR system and the N-N differentiating method and 1n
a combination method of an imaging method of the FAIR
system and the N-N differentiating method, kinetic obser-
vation and static observation are possible with any of a blood
image, a BB image, and a WB 1mage. In a combination
method of an 1imaging system of the STAR system and the
N-1 differentiating method using a tag 1image, kinetic obser-
vation and static observation are possible with a blood 1image
and a BB 1image. When 1t 1s determined by whether kinetic
observation for a background tissue 1s possible under a
substantially fixed condition, cine 1s possible only by a
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method using an 1imaging method of the STAR system. A T1
map 1s possible only by a method using the FAIR system that
inverts longitudinal magnetization of a background tissue 1n
an 1maging region (slab).

For both of the STAR system and the FAIR system, 1n a
case 1n which either of the systems 1s combined with the
N-N differentiating method that differentiates a tag image
and a control 1image, because background tissue portions of
both of the images become substantially the same signal,
data 1n which the longitudinal magnetization 1s positive 1s
not necessary for cancelling a background tissue portion by
difference. Accordingly, there 1s no need to make the 1,
long for waiting recovery of the longitudinal magnetization
Mz. However, 1n order to increase etliciency of a tag pulse,
it 1s desirable that fresh blood 1n which the longitudinal
magnetization 1s saturated 1s filled 1n an application region
of the tag pulse during the T, ...

When an imaging method of the STAR system and the
N-1 differentiating method are combined, because an 1image
of the final time phase in the T, ,.,, 1s considered as a
substitute of a control 1image, 1t 1s desirable that the longi-
tudinal magnetization of blood 1n an 1maging region (slab)
alter being applied with a tag pulse 1s sufliciently recovered
in the T, ., in addition to the condition for increasing
elliciency of a tag pulse Generally, the T, ., that is
necessary for recovering the longitudinal magnetlzation of
blood 1s longer in time than the T, , that 1s necessary for
1ncreasmg iciency ol a tag pulse Therefore, when an
imaging method of the STAR system and the N-1 differen-
tiating method are combined, T, 1s set to be longer than
that 1n a case 1 which an imaging method of the STAR
system and the N-N differentiating method are combined.

When an imaging method of the STAR system and the
N-1 differentiating method are combined, a signal value in
a background tissue portion 1s maintained to be substantially
stable between time phases, and therefore, to an 1maging
region, a saturation pulse 1s not applied before a tag pulse 1s
applied. Therefore, because there 1s a case 1 which 1nflu-
ence of the T, _, car immediately before application of a tag
pulse remains, 1t 1s desirable to set T to be long (for
example, about 2 to 3 seconds).

In a case 1n which the N-N differentiating method 1s used,
in combination with the ASTAR method, 1t 1s not a problem
that blood 1s not sufliciently saturated in a tag 1mage (in
combination with the STAR method, difference equivalent
to MTS eflect 1s generated). Even in combination with an
imaging method of the FAIR system, in a control image to
be differentiated, an 1imaging region to which a control pulse
1s applied 1s relatively thin (about 5 to 10 cm), and therefore,
if the TI 1s a certain length (longer than about 0.5 second),
blood can be considered as being substantially completely
saturated. Therefore, although there 1s no case i which a
peripheral portion of a blood vessel becomes hard to be
drawn 1n a later time phase similarly to the N-1 different-
ating method 1n a case in which blood 1s not substantially
completely saturated, time required for 1maging becomes
about twice.

Combinations of each imaging method and each differ-
entiating method used in the STEP method and their features
have been described. These combinations, for example, 1s
used by being appropriately selected by an operator accord-
ing to each of their features.

FIG. 1 illustrates an example of a case mn which a
processing function of the processing circuitry 12, a pro-
cessing function of the processing circuitry 13, a processing
function of the processing circuitry 14, and a processing
function of the processing circuitry 15 are achieved by a
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single processing circuitry. However, embodiments are not
limited thereto. For example, each of the processing circuit-
rics may be constituted by combining a plurality of inde-
pendent processors to achieve each of the processing func-
tions by each of the processors performing each program.
Each of the processing functions of each of processing
circuitries may be achieved by being appropriately dispersed
or integrated 1 a single or a plurality of the processing
circuitries.

The term “processor” used 1n each of the above-described
embodiments means a circuit such as a central processing
unit (CPU), a graphics processing unit (GPU), an application
specific integrated circuit (ASIC), a programmable logic
device (such as a simple programmable logic device (SPLD)
and a complex programmable logic device (CPLD), and a
field programmable gate array (FPGA). A program may be
directly incorporated 1n a circuit of a processor, mstead of
being stored 1n storage circuitry. In this case, the processor
achieves a function by reading out the program incorporated
in the circuit and performing the program. Each processor of
the embodiments 1s not limited to a case of being configured
as a single circuit for each processor, and may achieve the
function by being configured as one processor by a plurality
of independent circuits being combined.

According to at least one of the above-described embodi-
ments, an 1image 1n which tluid and a background tissue are
more preferably drawn according to kinetics of fluid over a
plurality of time phases can be acquired.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not mtended to limit the scope of the inventions.

Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes i1n the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claiams and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What 1s claimed 1s:
1. A magnetic resonance 1maging apparatus, comprising
processing circuitry configured to
perform at least one of first data collection and second
data collection, wherein the first data collection
collects a plurality of first data by collecting data of
an 1maging region of a subject at a plurality of
different times with predetermined time intervals
after a tag pulse 1s applied to fluid flowing into the
imaging region, and the second data collection col-
lects a plurality of second data by collecting data of
the 1maging region at a plurality of different times
with the predetermined time intervals by differing at
least one of application or non-application of the tag
pulse and a position of the applying in the first data
collection; and
generate a plurality of first images respectively corre-
sponding to a plurality of particular times of the
plurality of different times from at least one of the
first and second data collected at the particular times
by performing phase correction for the at least one of
the first and second data collected at the particular
times, using phase data included 1n the first or second
data, wherein the phase data 1s data collected at a
timing when a longitudinal magnetization of the
fluid 1s a positive value, and collected at a time other

than the particular times.
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2. The magnetic resonance 1maging apparatus according,
to claim 1, wherein the processing circuitry i1s further
configured to generate a second 1mage by performing an
operation 1n a time phase direction by using the plurality of
first 1mages.

3. The magnetic resonance 1maging apparatus according,
to claim 2, wherein the processing circuitry i1s further
configured to perform at least one of the first data collection
and the second data collection by an 1maging method of a
signal targeting with an alternating radiofrequency (STAR)
system or a flow-sensitive alternating inversion recovery
(FAIR) system.

4. The magnetic resonance 1maging apparatus according,
to claim 2, wherein the processing circuitry 1s further
configured to generate the second i1mage by performing
maximum intensity projection, minimum intensity projec-
tion, or averaging for signal values of the plurality of first
images 1n the time phase direction.

5. The magnetic resonance 1imaging apparatus according,
to claim 2, wherein the processing circuitry i1s further
configured to perform the operation after a weighted filter 1s
applied to the plurality of first images i1n the time phase
direction.

6. The magnetic resonance 1maging apparatus according
to claim 5, wherein the processing circuitry 1s further
configured to apply different weighted filters 1 a fluid
portion and a background tissue portion 1n the plurality of
first 1mages.

7. The magnetic resonance 1imaging apparatus according
to claim 2, wherein the processing circuitry is further
configured to perform the operation after a filter including a
T1 relaxation correction 1s applied to the plurality of first
1mages.

8. The magnetic resonance 1maging apparatus according,
to claim 2, wherein the processing circuitry is further
configured to generate a difference 1mage between a first
image of the plurality of first images generated from the first
data and a first 1mage of the plurality of first images
generated from the second data, a difference 1mage between
first 1mages generated from the first data, or a difference
image between first images generated from the second data,
for each time.

9. The magnetic resonance 1imaging apparatus according
to claim 2, wherein the processing circuitry is further
configured to:
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perform at least one of the first data collection and the
second data collection by an imaging method of a
flow-sensitive alternating inversion recovery (FAIR)
system; and

generate a T1 map as the second 1mage by analyzing a
region including a fluid portion and a background tissue

portion in the time phase direction by using the plu-
rality of first images.
10. The magnetic resonance 1maging apparatus according

10 to claim 2, wherein the processing circuitry is further
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configured to:

perform at least one of the first data collection and the
second data collection synchronously with a biosignal
of the subject; and

generate an 1mage 1 which a movement of the subject
indicated by the biosignal 1s reflected, as the second
image, by performing the operation in the time phase
direction by using the plurality of first images.

11. A magnetic resonance 1imaging method, comprising

performing, by processing circuitry, at least one of first
data collection and second data collection, wherein the
first data collection collects a plurality of first data by
collecting data of an 1imaging region of a subject at a
plurality of different times with predetermined time
intervals after a tag pulse 1s applied to fluid tlowing into
the 1maging region, and the second data collection
collects a plurality of second data by collecting data of
the 1maging region at a plurality of different times with
the predetermined time intervals by differing at least
one of application or non-application of the tag pulse
and a position of the applying 1n the first data collec-
tion; and

generating, by the processing circuitry, a plurality of first
images respectively corresponding to a plurality of
particular times of the plurality of different times from
at least one of the first and second data collected at the
particular times by performing phase correction for the
at least one of the first and second data collected at the
particular times, using phase data included in the first
or second data, wherein the phase data 1s data collected
at a iming when a longitudinal magnetization of the
fluad 1s a positive value, and collected at a time other
than the particular times.

¥ ¥ H ¥ H



	Front Page
	Drawings
	Specification
	Claims

